The synthesis of vaccinia virus-induced thymidine kinase is normally arrested several hours after infection. In thymidine kinase-deficient LM cells infected with IHD strain of vaccinia virus, arrest occurs whether or not viral DNA synthesis is inhibited. With virus inactivated by UV irradiation, enzyme synthesis takes place, but arrest is abolished. It is suggested that an early viral genetic function is responsible for the cessation of thymidine kinase synthesis.
Poxviruses induce the synthesis of a number of proteins in infected cells. These proteins are classified into two broad groups: early, which appear before the onset of viral DNA synthesis, and late, which require prior DNA synthesis. Thymidine kinase (EC 2.7.1.75) belongs to the first group (4, 9) . However, its synthesis, which proceeds linearly during early infection, is stopped after about 5 h by a process that depends on viral DNA replication (9) and also requires RNA (3, 10) and protein (10) synthesis. It was therefore proposed that the arrest of thymidine kinase production is caused by a late viral protein(s) acting as repressor (2, 10) .
This information was obtained with HeLa cells infected with rabbit and cowpox vaccinia strains. Virus-induced thymidine kinase has also been studied in another system, in which thymidine kinase-deficient LM cells [LM-(TK -)] are infected with vaccinia virus IHD strain (6, 7) . Here too, enzyme synthesis ceases at a certain stage of the viral cycle (12) . However, this system responds differently to actinomycin D. The differences between these two systems are as follows. The inhibitor administrated before infection suppresses both RNA and thymidine kinase synthesis in poxvirus-infected HeLa cells. When administrated 2 to 4 h after infection, the drug abolishes RNA synthesis, while the enzyme synthesis now continues unabated beyond the time at which it is normally stopped. In contrast, virus-induced RNA synthesis in IHD-infected LM(TK-) cells is not completely suppressed, and cells treated with actinomycin D before infection are still able to produce about 40% of the normal amount of thymidine kinase, as assayed 7 h after infection or earlier (8, 13) , but no precise kinetic data have been reported.
We have investigated this point in more detail and found that in contrast to other systems described earlier (9, 10) Thymidine kinase was assayed directly on 1-cm DEAE paper squares according to Munyon et al. (11) , with the following modifications: the supernatant (cytoplasmic extract) used as enzyme source was prepared at 12,000 x g instead of 150,000 x g, and the amount of [3H]thymidine applied per square was 6 x 104 to 7 x 104 counts/min in 0.02 ml of assay buffer.
The reaction was linear with time up to 20 min and with the amount of enzyme. The reaction on paper was quantitatively similar to that in solution. Cytoplasmic extracts were prepared from the cells from a 35-mm petri dish, which NOTES 211 were frozen and thawed in 1 ml of assay buffer, sonicated for 3 min at 1A (Raytheon sonic oscillator, model DF 101), and centrifuged for 2.5 min at 12,000 x g. The cytoplasmic extracts were diluted 10 times with assay buffer, and 0.02 ml was taken for assay.
RNA Figure 1 shows that IHD and WR viruses grow similarly in HeLa cells (Fig. la) , that in -L. . After 60 min of absorption at 37 C monolayers were washed three times to remove the unabsorbed virus and 1.5 ml of minimal essential medium containing 2% calf serum was added to each plate (zero time). At the times indicated, plates were put into a -70 C refrigerator either with (for infectivity assay) or without (for thymidine kinase assay) maintenance medium and kept frozen until being tested. Symbols: (-) WR; (0) IHD; (0) thymidine kinase activity. LM(TK -) cells the growth curve of IHD is not markedly changed, and that thymidine kinase production in those cells stops when only 10% or less of the IHD viral progeny has been formed (Fig. lb) . Figure 2 illustrates some effects obtained with actinomycin D. At 5 ,sg/ml (Fig. 2a) (Fig. 2b) .
The remaining experiments reported here were performed to examine the relationships between nucleic acid synthesis and thymidine kinase synthesis and its subsequent arrest. Table 1 shows that under the conditions tested actinomycn D permits about 60% of the initial RNA synthesis but strongly inhibits it at 2 h after infection. The drug is also a fairly effective inhibitor of DNA synthesis in IHD-infected LM(TK-) cells, whereas cytosine arabinoside (ara C, Nutritional Biochemicals) stops DNA synthesis virtually completely. McAuslan (9) has shown that in WR-infected HeLa cells the a One hour before infection the monolayers were pretreated with the appropriate drug, and inhibitors were present until experiments were terminated. Cells were infected as in Fig. 1 . b We used 60-mm petri dishes instead of 35-mm plates, and the radioactivity was determined in whole cells. inhibition of DNA synthesis abolishes the arrest of thymidine kinase synthesis, so that enzyme production continues past the time when it normally ceases, and we have confirmed this observation. A different result was obtained with IHD virus. Both in HeLa (now shown) and in LM(TK-) cells (Fig. 3) , the arrest of enzyme synthesis occurred normally whether ara C was present or absent. The same results were obtained when another DNA synthesis inhibitor, fluorodeoxyuridine, was used in the experiments. This indicates that the arrest of thymidine kinase synthesis in IHD-infected cells does not depend on viral DNA replication, in contrast to the apparent situation in WR-infected cells.
Vaccinia virus DNA synthesis can also be inhibited by UV irradiation of the virus (14) . This treatment has, in addition, been reported to abolish the arrest of thymidine kinase production (9, 10) , and the effect has been ascribed to the inhibition of DNA synthesis. As with other vaccinia viruses, UV irradiation of IHD virus has been shown to abolish the arrest of enzyme synthesis in a spinner culture of infected LM(TK-) cells (5) . If the same pattern occurs in monolayer cells, which we used, then our results (Fig. 3, Table 1 ) indicate that this cannot be due solely to the inhibition of DNA synthesis. The experiment of Fig. 4 is a further examination of this point. The result showed a clear arrest of enzyme synthesis in the presence of cytosine arabinoside (i.e., in the absence of DNA synthesis), whereas UV irradiation abolished the arrest. Thus, UV irradiation would appear to abolish the arrest by an effect other than its effect on DNA synthesis. A not unlikely explanation might be that the arrest of IHDinduced enzyme production is caused by an early genetic function (i.e., expressed before DNA replication) which is more sensitive to UV LITERATURE CITED
